The role of nutritional status in the disablement process is still unclear. The objective of this study was to assess whether low concentrations of nutrients predict the development and course of disability.
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N 2003, BABY BOOMERS COMprised nearly 30% of the American population. Born between 1946 and 1964, baby boomers are now aged 42 to 60 years, and in 2030 they will all be older than 65 years. Thus, an unprecedented increase of the older population is expected, and an estimated 20% of Americans will be older than 65 years. 1(p12) An important implication of this demographic transition is the increased morbidity and disability. 1(p1) Although reports show a decline in the disability rate, 2 about 7 million persons older than 65 years in the United States are disabled 2 and this has a dramatic impact on health care costs 3 and the quality of life of older persons. Thus, implementation of strategies aimed at preventing or delaying the onset of disability is urgently needed. 4 A crucial step to achieve this goal is the identification of those factors contributing to the disablement process. Although there is consensus that poor nutritional status is a potential factor, there is a lack of studies investigating its role in the development and course of disability. 4 Our previous studies 5, 6 and other reports 7 suggest an association of poor nutritional status with reduced physical function and disability. Most of these findings, however, are cross-sectional, and a causal role cannot be established.
The purpose of this study is to address this gap in knowledge by determining whether low serum concentrations of specific nutrients are predictors of subsequent disability in a longitudinal cohort of older women living in the community.
METHODS
The Women's Health and Aging Study I (WHAS I) is a population-based study of risk factors contributing to the development and course of physical disability in women living in the community. The subjects in this study were recruited from an age-stratified random sample of women 65 years or older selected from Medicare enrollees residing in 12 contiguous ZIP code areas in Baltimore, Md. 8 Women were screened to identify self-reported difficulties in domains of mobility, upper extremity function, higher functioning household manage-ment, and self-care. The WHAS I enrolled women 65 years or older with difficulties in 2 or more domains of function. Thus, participants had some level of difficulties in physical function but were not so disabled as to have difficulties in performing activities of daily living (ADLs).
Of the 1409 women who met study eligibility criteria, 1002 agreed to participate in the study in 1992. There were no major differences in sociodemographic or reported health characteristics between eligible participants and those who declined to participate. 8 Standardized questionnaires were administered in the participant's home by trained interviewers. Two weeks later, a trained registered nurse conducted an examination at each study participant's home, using a standardized protocol that included physical performance measures and a directed physical examination. Of the 1002 women enrolled in the study, 734 participated in the blood draw, had serum nutrient measurements taken, and gave self-reported information on difficulty in managing ADLs at baseline and at least 1 follow-up.
The profile of the study population is summarized in the Figure. There were no significant differences in race or body mass index (BMI) (calculated as weight in kilograms divided by height in meters squared) between those who did and did not participate in the blood draw, but women who did not participate were older (80.7 years vs 77.4 years), had less education, and had a higher prevalence of frailty compared with those who gave a blood sample. 9 Further details on the methods and sampling design of the WHAS I were published elsewhere. 8 Standardized interviews were used to assess the perceived function in ADLs 10 : bathing, dressing, toileting, transferring, and eating. For the analysis presented here, disability was defined as self-reported difficulty in managing 2 or more of these ADLs.
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Weight and height were measured in a standardized position, and BMI was categorized as underweight (Ͻ18.5), reference range (18.5-24.9) , overweight (Ն25.0-29.9), and obese (Ն30.0). Information on demographic characteristics and health status were collected in the WHAS I questionnaires. Physical activity was assessed using the Minnesota Leisure Time Activities Questionnaire. 8 Chronic diseases were adjudicated by WHAS I coinvestigators based on selfreport of physicians' diagnoses, physical examination, review of medical records, and physician contact. 8 Depression was assessed by using the Geriatric Depression Scale (GDS). 12 For the present study we used data collected every 6 months for up to 36 months of follow-up. After excluding participants with ADL disability at baseline (n = 91), the final analytical sample included 643 women.
LABORATORY ANALYSIS
Nonfasting blood samples were obtained by venipuncture between 9 AM and 2 PM. Processing, aliquoting, and freezing were performed at the Core Genetics Laboratory of The Johns Hopkins University School of Medicine, Baltimore, Md, following a standardized protocol. Blood samples were delivered to Quest Diagnostics Laboratories (Teterboro, NJ) on the day of blood draw for assays that were conducted by this commercial laboratory. For carotenoids, retinol, zinc, and selenium, serum was stored continuously at −70°C until the time of analyses. Serum carotenoids and retinol were determined by highperformance liquid chromatography.
Serum selenium and zinc were measured by graphite furnace atomic absorption spectrometry using an AAnalyst 600 spectrometer with Zeeman background correction (Perkin Elmer, Norwalk, Conn). For selenium, samples were diluted 1:4 with a triton-X (Sigma Chemical, St Louis, Mo) and nitric acid solution (Fisher Scientific, Pittsburgh, Pa), and the matrix modifier was a palladium and magnesium nitrate solution (both, Perkin Elmer). The instrument was calibrated daily using SeroNorm Trace Elements Serum, Level 1 (Accurate Chemical and Scientific Corp, Westbury, NY), with a known amount of selenium, spiked with selenium standard (Perkin Elmer). For zinc, samples were diluted 1:200 with di-water, and the matrix modifier was magnesium nitrate (Perkin Elmer). The instrument was calibrated daily using SeroNorm Trace Elements Serum Level 1 (Accurate Chemical and Scientific Corp) with a known amount of zinc. All zinc samples were run in duplicate. For both analyses, a control prepared from SeroNorm was run periodically throughout each run for quality control.
Total carotenoids were calculated as the sum of ␣-carotene, ␤-carotene, ␤-cryptoxanthin, lutein/zeaxanthin, and lycopene in micrograms per deciliter. Serum concentration of 25-hydroxyvitamin D was measured using a radioreceptor assay. Vitamin B 6 status was assessed by pyridoxal 5-phosphate measurements using high-performance liquid chromatography. Serum vitamin B 12 and folate were measured by radioimmunoassay. Within-run and between-run coefficients of variation, respectively, were 7.5% and 9.6% for 25-hydroxyvitamin D, 5.8% and 4.8% for selenium, and 2.8% and 3.9% for zinc.
STATISTICAL ANALYSIS
Descriptive analyses were performed to provide information on general characteristics of the study population. Women were assigned to quartiles based on micronutrient concentration, and a low level of each selected micronutrient was defined as the lowest quartile of the baseline distribution. We used this analytical approach because nutrient requirements for older persons are inadequately documented, and conventional cutoffs for deficiencies have been extrapolated from middle-aged populations and, consequently, may not be meaningful for older adults.
During our exploratory analyses we found that the incidence rates of ADL disability per 100 person-years were consistently higher in the first compared with the second quartile of each selected micronutrient, supporting the adequacy of using these cutoffs. The selected nutrients (and corresponding cutoff ) were the following: total carotenoids (57. Because the ADL disability score was determined at 6-month intervals, grouped-time Cox proportional hazard models were used to examine the associations between low serum levels of nutrients at baseline and the risk of developing ADL disability. The hazard ratios were adjusted for age, race, education, smoking status, alcohol consumption, multivitamin use, BMI, physical activity, chronic obstructive pulmonary disease, osteoarthritis, cardiovascular diseases, and cancer. The selection of these potential confounders was based on prior evidence in the literature about their relationship with both the exposure and the outcome of interest. As shown in the Figure, women who did not have at least 1 follow-up visit because of refusal or loss to follow-up were excluded from the longitudinal analyses, as were women with ADL disability at baseline, to allow prediction of incidence of ADL disability during 3 years of follow-up.
Subjects who died, refused further participation, or were lost to follow-up after a follow-up visit were censored at that point, with disability status at their last visit considered. The hazard ratio for developing ADL disability was calculated for the lowest quartile of each nutrient's distribution, using all other quartiles combined as the reference. We used 6 follow-up times, from baseline to 36 months, and graphically verified that the proportional hazard assumption was valid for low and not-low nutrition groups. Furthermore, we performed a log-rank test comparing censoring time for those lost to follow-up for the low and not-low micronutrient group and for low and not-low levels of each selected micronutrient. We did not find significant differences in censoring patterns. The analyses were performed using SAS statistical software (version 8.1; SAS Inc, Cary, NC).
RESULTS
The comparison of characteristics between women included and excluded from the study is reported in Table 1 . In general, women who were excluded from the sample were older, and a higher proportion had BMIs lower than 18.5 and chronic diseases such as congestive heart failure (P = .004), peripheral artery disease (P = .04), stroke (PϽ.001), and depression (P = .005). Similar differences were observed when the comparison was restricted to women with and without ADL disability at baseline, although the difference in age between these 2 groups was not statistically significant. Abbreviations: ADL, activities of daily living; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); COPD, chronic obstructive pulmonary disease; GDS, Geriatric Depression Scale.
*Data are given as percentages except where noted. †Reference group. ‡Excluded because subject did not have a blood draw sample or follow-up visit or had at least 2 ADLs at baseline. §Excluded because subject had at least 2 ADLs at baseline. GDS score Ն10.
Among women who did not have ADL disability at baseline, 208 (32.3%) developed ADL disability during 3 years of follow-up, with an overall incidence rate of 13.3 per 100 person-years. The incidence rates for ADL disability among women in the lowest quartile vs those in the upper 3 quartiles of serum nutrient concentrations are shown in Table 2 . The incidence rates for disability were higher in women in the lowest quartile of vitamin B 6 (P = .02), vitamin B 12 (PϽ.001), and selenium (PϽ.001), compared with women in the 3 upper quartiles, and was not significant for total carotenoids, retinol, 25-hydroxyvitamin D, folate, and zinc.
These results did not substantially change when the Cox proportional hazard models were adjusted for age, race, education, smoking status, multivitamin use, BMI, physical activity, alcohol consumption, chronic obstructive pulmonary disease, osteoarthritis, cardiovascular diseases, and cancer ( Table 3) .
COMMENT
This study sought to evaluate whether nutritional status predicts subsequent ADL disability in older women living in the community. We found that low serum concentrations of selenium and vitamins B 6 and B 12 are significant and independent predictors of ADL disability. These associations likely involve different causal pathways. Selenium exerts important beneficial effects. 13 In particular, the selenoprotein antioxidant enzymes (eg, glutathione peroxidase) allow for the reduction of hydrogen peroxide to water, preventing lipid peroxidation and cellular damage.
14 Low antioxidants may tip the balance between antioxidants and free radicals and allow increased oxidative stress. This imbalance may lead to disability through dysregulation of cellular function 15 and up-regulation of proinflammatory cytokines, 16 muscle and neuronal damage, 17 and the exacerbation of degenerative diseases. 18 The hypothesis that antioxidants play a role in the pathogenesis of disability is supported by our previous findings 5, 6 and other reports. 7 Vitamins B 6 and B 12 are involved in protein and homocysteine metabolism, and their deficiencies cause hyperhomocysteinemia. 19 The association of high levels of homocysteine with oxidative stress, 20 endothelial dysfunction, 21 occlusive vascular diseases, 22 and, in particular, with decline of cognitive function 23 may explain, at least in part, our findings on the association of low concentrations of B 6 and B 12 with disability. We evaluated this proposed pathway and found that high levels of homocysteine at baseline predicted the development of ADL disability (PϽ.001) over 3 years of follow-up. It is noteworthy that the relationship between vitamin B 12 and disability (Table 3) was not statistically significant when homocysteine was entered in the model. This result provides empirical evidence that the relationship between vitamin B 12 and disability is mediated by homocysteine. Different mechanisms may explain the "continuum" hypothesized to connect low serum levels of selenium and vitamins B 6 and B 12 with disability: (1) altered protein metabolism and increased levels of ho- Abbreviations: ADL, activity of daily living; CI, confidence interval; HR, hazard ratio. SI conversion factors: See SI conversion factor footnote in Table 2 . *The HRs were obtained from individual Cox models adjusted for age, race, education, smoking status, alcohol consumption, multivitamin use, body mass index , physical activity, chronic obstructive pulmonary disease, osteoarthritis, cardiovascular diseases, and cancer. mocysteine, oxidative stress, and inflammatory markers resulting in protein damage and reduced muscle mass and strength (sarcopenia); (2) increased risk of developing degenerative diseases; and (3) decline of cognitive function. To our knowledge, this is the first study to evaluate the effect of different nutritional biomarkers on subsequent ADL disability in older women living in the community.
In another study (R.D.S., R.V., B.B., et al, 2006, unpublished data), we found that low concentrations of antioxidants (as indicated by carotenoids), but not B complex vitamins, predicted severe walking disability as measured using walking speed. Because low concentrations of vitamins B 6 and B 12 contribute to cognitive decline, 23 the result presented herein on the association of low concentrations of B 6 and B 12 with ADL disability has face validity. Although walking speed is a test of lower extremity physical function, the capacity to perform ADLs strongly depends on a complex of additional factors that are involved in the onset of disability, such as cognitive capacity. As reported by Mendes de Leon et al, 24(pS356) "tests of physical function and self-reported disability represent conceptually distinct aspects of the disablement process." The combination of these 2 studies suggests that poor nutritional status plays a role in disability, regardless of its semantic definition. The present study suggests that low levels of selenium and vitamins B 6 and B 12 are predictive of ADL disability among older women living in the community. Although levels of carotenoids, retinol, 25-hydroxyvitamin D, folate, and zinc could play a role in the disablement process, we did not find a significant effect of low levels of these nutrients on the development of ADL disability. Further studies are needed to confirm these results, to establish a cause-effect relationship between serum levels of nutrients and the disablement process, and to verify whether these results can be generalized to older persons with optimal physical performance.
A limitation of this study is that participants already had some level of difficulty in physical function, and this might have exacerbated the risk of undernutrition through decreased ability to shop or prepare meals. In addition, information on ADL disability was self-reported and used as a dichotomized variable. Thus, our results could be affected by misclassification bias. The probability of misclassification for our outcome, however, is independent of the exposure (nondifferential). Consequently, our findings are likely to be underestimated because they are biased toward the no-effect value. Furthermore, the effect of unmeasured confounders as explanation of these findings cannot be ruled out.
The main strength of this study is that we used measures of serum levels of nutrients rather than estimates of nutrient intake as our indicators of nutritional status. Thus, our findings are unlikely to be biased by selfreport.
In conclusion, we found that low serum concentrations of selenium and vitamins B 6 and B 12 predict subsequent ADL disability in older women living in the community. This study addresses an important gap in knowledge by suggesting that poor nutritional status contributes to the disablement process. These results, however, do not imply a beneficial effect of nutrient supplementation on the prevention of disability but rather suggest that nutritional status is one of the key factors to be considered for the development of strategies aimed at preventing or delaying the onset of disability, and consequently for the improvement of health and the quality of life of older women living in the community.
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